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--···---------------------------------

I. INTRODUCTION 

An axiom of many simulation studies is that an outcome Y, or distribution 
of outcomes GCYIX), of interest can be computer generated using as input 

experimentally derived data {Xj}j~l . 

A commonly encountered procedure is one in which a set of experimental 
data is considered to be a random sample from some underlying but unknown 
distribution; this data is then modeled by a common statistical distribution 
to provide a convenient representation (with a coincident loss of information), 
and is then used as the basis for generating additional pseudo-observations 
(Monte Carlo values). The intent inherent in this procedure is that the 
pseudo-observations maintain the statistical structure of the original data 
set. 

The intermediate step of modeling or "fitting" the data as a statistical 
distribution is sometimes unnecessary and sometimes nearly impossible. For 
example, for multimodal data or multivariate data, it is usually difficult 
and often unrealistic to attempt to characterize the data analytically. 
Because of this fact, there exists little, if any, guidance for the practi­
tioner who is confronted with data of this type. Notice, however, that to 
serve as input for simulation, all that may actually be required is to provide 
pseudo-observations that exhibit the same statistical characteristics as the 
original data set, with no real necessity to formally characterize the 
underlying distribution. 

It is in response to this observation that the following research was 
initiated and algorithm developed. 

II. THE ALGORITHM 

Let us consider the following situation addressed by Thompson and 

Taylor: 1 We have a random sample {X.}.n1 of size n from a multivariate dis-
J J = 

tribution of dimension k, and we want to generate pseudorandom vectors from 
the underlying, but unknown, distribution that gave rise to the random 
sample. Since we do not know, and usually will never know, the form of 
this distribution, our attack should be empirical. We shall endeavor to 
see to it that our pseudorandom vectors look very much like those in the 
orig1nal data set. In so doing, we will maintain the essential structural 
integrity of the problem. 

We now direct our attention to the mechanics of the algorithm. After 
carrying out a rough rescaling to account for differing variances that may 
exist among the k variates, we select at random one of the n data points, 
say x1, from the data base and then proceed to determine its m-1 nearest 

neighbors. The nearest neighbors are determined under the ordinary Euclidean 

1
J.R. Thompson and M.S. Taylor, "A Data Based Random Number Generator for a 
Multivariate Distribution," Proceedings of the Twenty-Seventh Conference on 
the Design of Experiments in Army Research, Development, and Testing (1981). 
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metric. The value of m, which can best be determined after perusal of the 
data, will depend upon the sample size n and the characteristics of the data. 
A conservative estimate would be to choose m = n/20. 

The vectors {X.l.m1 are 
J J= 

now coded about the sample mean X = 1/m r X. 
l. 

to yield {X~}= {X. - Xl.m1, 
J J J= 

and an independent random sample of size m is 

generated from the uniform distribution U(l/m - ..../3 Cm-l) 
1 m2 

Now the linear combination 

, 1/m + ~). 

is formed, where {u } m is the random sample from the U(l/m - r., 1/m + r: ) . 
i i=l 

Finally the translation 

X = X' + X 

restores the relative magnitude, and X is a pseudorandom vector which we 
propose to be representative of the multivariate distribution that provided 

n the {X.}. 1 JJ= 

To obtain the next pseudorandom vector we randomly select another of 
the n data points and proceed as above. 

We will now attempt to advance the algorithm by considering the mathe­
matics that suggests the mechanics that we have just outlined. Consider 
the distribution of x1 and its m-1 nearest neighbors: 

' m m {(X X X ) } - {X } Let us suppose that this "truncated set" 
H' 21' ... , ki i=l- i i=l· 

of random observations has mean vector ~ and covariance matrix cr. Let 
m {u1}i=l be an independent random sample from the uniform distribution 

U(l/m- r., 1/m + ~ ). Then, E(u1) = 1/m, Var(u1) = (m-l)/m2, and 

Cov(u., u.) = 0, fori f j. 
l. J 

Forming the linear combination 

z = 
m 

I unxn 
t=l .... 
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we have, for the rth component zr = u1xrl + u2xr2 + ••• + umxrm' the following 
relations 

E(zr) = m • 1/m • ~r = ~r' 

Var(z ) 
r 

Cov (z , z ) r s 

2 2 = ar + (m-1)/m • ~r' 

' Clearly, if the mean vector of X was~= (0,0, ... ,0) , then the mean vector 
and covariance matrix of Z would be identical to those of X. In the less 
idealized situation with which we are confronted, the translation to the 
sample mean of the nearest neighbor cloud should result in the pseudo-observa­
tion having very nearly the same mean and covariance structure as that of the 
(truncated) distribution of the points in the nearest neighbor cloud, a con­
jecture substantiated in many actual cases that have been considered. For m 
moderately large, our algorithm essentially samples from n Gaussian distribu­
tions with the means and covariance matrices corresponding to those of the 
n m-nearest-neighbor clouds. 

III. EXAMPLES 

For a substantial test case, we considered a mixture of three bivariate 

normal distributions. The first (N1) has mean vector (=~) and covariance 

matrix (_ 1 ~ 2 - 1{2); the second (N2) has mean vector c-;) and covariance matrix 

( 1 ~ 2 1{2); and the third (N3) has mean vector ( 3~ 2 ) and covariance matrix 

1 1/10) C
1110 1 . The corresponding mixing scalars are a1 = 1/2, a 2 = 1/3, and 

a3 = 1/6, respectively. To establish a data base, a sample of eighty-five 

points was generated from this distribution via Monte Carlo simulation, and 
appears in Figure 1; a sample of eighty-five pseudorandom values was then 
produced by the algorithm, and the combined sample is shown in Figure 2. 

Notice that the structure of the data is maintained in that the modes 
are preserved; the algorithm has not attempted to fill in gaps where gaps 
belong; the algorithm has, however, generated some points outside the boundary 
of the convex hull of the data base, all of which are desirable properties. 
These observations lend credence to the term "structural integrity" mentioned 
previously. 

An application of the algorithm to a real world data set is summarized 
in Figures 3 and 4. In Figure 3, a two-dimensional marginal of a set of 973 
four-dimensional behind armor debris measurements is portrayed; in Figure 4 
973 simulated data points are produced by our procedure. Once again, the 
salient features of the data set are preserved. 

9 
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Figure 1. Data base for a mixture of three bivariate normal distributions. 
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Figure 3. Marginal data for four-dimensional measurements. 
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Figures 5 through 7 display the results of applying the algorithm to a 
data base of modest size. Here a set of 49 bivariate measurements on MLRS 
bomblets shown in Figure 5 was supplemented by an additional 160 pseudo­
observations (Figure 6), with the results portrayed in Figure 7. 

The FORTRAN program of the algorithm appears in Appendix A. This program 
as listed produces plots using the IMSL Library; Figures 1-7 are plots produced 
by DISSPLA. 

IV. CONCLUSIONS 

We have demonstrated a means of empirical random number generation 
based on a sample of observations of a random variable X. No estimation of 
the underlying density is required. And, because of the local nature of the 
generation scheme, it is essentially free of assumptions on the underlying 
density of X. Naturally, any attempt to use this algorithm for generating 
bona fide new observations using the computer rather than producing real 
world data would be unwise. Rather, the algorithm operates somewhat like a 
smooth interpolator--- highly dependent on the quality of the data points 
on which it is based. It gives us a means of avoiding nonrobust conclusions 
due to "holes" in the data set at important points of the simulation model. 
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APPENDIX A. COMPUTER PROGRAM 

STEP 1. CREATION OF THE DATA FILE 

Data should be created and stored as an MFA permanent file. This file should 
contain the following information. Note: Let pl denote program limitations. 

CARD 1. 5 INPUTS FORMAT COLUMNS 

1. NUMDAT - number of input data points !4 1-4 

pl. 5 ~ NUMDAT ~ 1000 

2. NUMGEN - number of pseudopoints generated !4 6-9 

pl. 5 ~ NUMGEN ~ 1000 

3. !DIM - dimension n of n-space data I1 11 

pl. 1 ~ !DIM~ 8 

4. NRANDM - random number seed I3 16-18 

pl. 1 ~ NRANDM ~ 999 

5. NUMPLT - number of plots requested !2 21-22 

Note all possible 2-d plots (NUMPLT = -1) 

no plots (NUMPLT = 0) 

r plots (NUMPLT = r) 

- NUMPLT plots will be generated for both data and pseudo-observations. 

pl. -1 ~ NUMPLT ~ IDIM(IDIM-1)/2 

CARD 2 & CARD 3 

If NUMPLT = r, request plots of variables X. vs. Y. by indicating j in Card 2 
and the corresponding i in Card 3. 1 

J 

Column 

Card(2) 

Card (3) 

r 

y 
r 

X 
r 

If NUMPLT = 0 or -1, cards 2 and 3 should not be included, otherwise information 
on these cards would be used as data. 
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Card(4), Card(S) .•. Card(NUMDAT) 

These cards should contain data to be read in with Fl0.3 format. Data may 
consist of a maximum of 8 variables x1 - x8. 

Columns 

Card(4) 

Card(S) 

Card(NUMDAT) 

STEP 2 

1 - 10 

X1 Data 

x1 Data 

11 - 20 

x2 Data 

X2 Data 

71 - 80 

x8 Data 

x8 Data 

Before the program can be run, the data file must be made accessible to the 
MFZ with (PERMIT, PFN, MFZ). 

STEP 3 

To run the program create and submit the following 3 card MFZ job. 

JOBNAME, STMFZ, TlOO. 

ACCOUNT, XXXXXXX. 

BEGIN, DBRNG, DBRNG, PFI = 

Where 

, PFO = ---· ,UN= ---· , RJE = RJEXXXX. ---

PFI file name under which the input data file is stored, 

PFO = file name under which the pseudo data is to be stored, 

UN = user name identification for above two files, 

XXXX = a 4 digit code designating a particular RJE, as the output device. 

If omitted, then the central site will serve as the output destination. 

20 



C T~l~ ~~OGRA~ P~OD~CES PSEJOJR4~DJM OBSER~ATIO~S F~O~ RE4L 
C DATA FOR U~IVARIATE A~O ~JLTtVARI4TE CASES. T~~ ~~~UOO­
C RA~DO~ OBSERV4Tt0~~ JILL 1AI~T4I~ THE C~ARACTERISTl:S OF 
C T~E REAL D4T4 WITYOUT 4NY DISTRIBUTION 4SSU1PTI1N J~ THE 
C OOPUL4ri1N FR1~ WHICi TiE RE4L DATA CAKE. 4N EXA1PLE OF 
C PROPER ~SE OF T~IS P~1GRA1 ~OULD BE IN TiE CREATIJN JF PS~~OO­
C QANOOK OBS~RVATIONS ~1R I~PUT TO A COMPUTER SI~JLATION 
C '10DEL. 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

CAJTIJ~! TiiS PR~GRA~ 11Ei ~~T ~RODUCE REAL DATA ANO P~ODUCEO 
PSEUOORA~OO~ ~~S:RiATIJNS S~OULJ NJT ~E JScO AS iUC~. 

~ 1JMDAT­

NU'1GE~­

IDI"'­
~RAN011-

NU~PLT­
OATA­
~PLT-

NU'1BER 
NU1BE~;~. 

NU'1BER 
u-.ooM 
~U'1BER 
!'lATRIX 
~ATR IX 

OF INP1T DATA PGINT5 
OF ~S~JDOPJI~TS TO Bt 
OF IA~IABL~S IN INPUT 
NU'IHR SEED 
OF ~LOTS R~Q~ESTEO 
HOLOIN~ INPUT DATA S~T 
~JLDI~~ PLJT REQUESTS 

GENtRATED 
DATA Sc T 

PQ1GRA~ D8RNGilNP~T,OJTPUT,TAPEb•OUTPUT,TA~EB,TAPEQ) 

c ------------------------------------------------------------
DI~E~SION DATAilJOU,lJI,oSEUOOilOOO,lOI,NPLTI2,~01,Z~IN(l01 
DI1ENStON ZKAXIlOI 

c 
CHAD A~D w~ITE I~ITIAL IPUT VA~IABLES 

c 

c 

R5A0(8,10001~~'1DAT,~U1G~~.IOI~,NRANOI1,N~MPLT 
4RITE I!, 20301 
~RITE(~,ZO~~I~UMJAT,NJKGEN,IOIM,N~ANOK,~UKPLT 

C CH5CK FOR INvALID iALJES JF INITIAL INPUT JHIA'HES 
c 

c 

:ALL CiEC~IN~~DAT,NUMiE~•IDIM,NRANDM•NU'1PLT•NC~~CKI 
I~I~CHEC~.EQ.liG~ TO 90 
IFINUMPLT.GT.,IGJ TO 10 

C i::STA8L1Srl ~PLT FO~ ALL POiS113LE iDIMIIDIM-ll/2 nJT'i 
c 

c 

CALL SETPLT(iPLT,IDI~I 
GO T~ ~0 

C ~SE~ ~iTABLISriES DESI~~D ~LOTS 
C Y ~ALY~S FIR'iT CARD, :OQR~S~~NOI~G X ~ALUcS SECOhO :ARD 
c 

10 DO 20 '<•lo 2 
REA0(9,101011~PLTIKoLI,L•lo~UKPLTI 

ZJ CO,HINIJE 
c 
C IF JScR D~FI~~O, ~~IT~ DLJTS REJUESTED 
c 

WRITE lb• 20501 
DO 30 K•lo2 
WRITEI~•207011NPLT!(,LioL•l•NUKPLTI 

3~ CJ~TINH 
c 
C READ ~EAL DATA A~D W~ITE FIQST FIVE POI~TS 
c 

40 OJ 50 I•l•~U~DAT 
RcAOIBolO~OIIDHAIIoJI,J•l•IDIMI 

50 COHINJE 
~RITE!b, 2ri'Jf.l 
DO ~0 I•l.S 
II'R IT E I o, ~JZO I I 0 AT t I I, J I, J • t. I 0 114 I 
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C ~A~1 T~E PA~OD~ ~U~SE~ SElUENCE USING INPUT VA~IA~LE NRANO~ 
c 

c 

OIJ 70 <•l• NIH~DM 
R~•iUNF I 01 

7') CONTIN!J'= 

C •RITE ~EADER ~~R ~JT~JT ,. 
'-

c 
II~ITEI~,ZOOCI 

C DETSRHI~E T~~ :~R~~LATI1N HAT~J(, "EA~ A~D IARIANCES FOR ~~AL O~T4 
c 

CALL CJQRELIOATAoiJI~oNuHOATI 
c 
C s:ALE DATA SO T>iAT EAC i JHIABLi: II ILL CARRY EQUAL \r~IGHT I~ 
C T~E NEIG~BJRHOOO SELE:TIJ~ PROCESS 
c 

CALL SCALEIOATAo~~~DATriOI~oZMIN•Z~AXI 
c 
C 3ENERATE NJHGEN PS~UDJDATA PJINTS 
c 

CALL G~EQATIDATA,~UHOATrNU~GEN•IDIH,PSEJDOI 
c 
C RE~CALE THE DATA A~D T~E CORRtSPONOING PSEUDOOATl TJ T~EIQ 
C ORI~IN~L MAGNITUDES 
c 

c 

CALL RESCAL(OATA,~U~DAToiDI~,z~INoZMAXI 
CALL RESCALI,SEUOJ,NJMGENoiOlHoZMIN,ZMAX I 

C J~ITE ~EAOE~ FIJR JUT~!JT 

c 
WRITEI&o20101 

c 
C DETER~INt THE CORRELATIJN HATRIXo MEAN AND JARIAN:ES F~R ~SEUOO• 
C DATA 
c 

CALL CJRRELIPS:UDJ,IDI~,NUHSENI 
c 
C ~RITE THE PSE!JDORANDIJ~ OaSE~VAT!ONS ONTO A ~ERHANENT 
C FIL~ I P5EJDO I 
c 

c 

')O ao J•l,NUHGEN 
IIRITEI~r?OZDIIPSEuDOIJoLitL•lriOIHI 

81.1 CO~TINJE 

C CALL PLOT RJUTINE I~ Q=JUESTEO, 
c 

IDU~Y•IOI~*IL1tH-li/Z 
I~INUMPLT.~Q,-l)~JHPLT•IOU~f 
IFINuMPLT.LE.OIGJ TJ ~0 
CALL PLOTIPScUDOoOATAoZMIN,zHAX,NPLT,NU1DAT,NUH;EN,NU~PLTI 

90 CIJNTINJI: 
~~ITEI&,2J801 
STJP 

1000 FIJRMATIIfttU>I'trl<•Il•ft~.n,zx,IZI 
11.110 FO~HATI3bill 
1020 F~~MATIB~lO.JI 
ZJuD FJRMATilHl,ZO~o'CJRR:LATiu~S, MEAN~ AND VA~IANCES OF I~PUT JATA SE 

+flo /I 
?010 FJ~"'ATI/flo2JXo 1 CJRRELATIONS, ~EAN5 AND VARIA~CcS JF ;,StUDO DATA 5 

+Efl,l) 
2020 FJR~AllftXo81FlZ.1•Hll 

2030 FJ~~ATI1Hlo4Xo 1 NJ~DAT'•2X•'~JHGEN 1 >3Xo'IDI~ 1 ,3X,•NRANO"' 0 , 
+2X,•NU"'PLT 1 1 

?JitO FJR"'AT(I,~X,;(J:,,r.OI 
2J50 FJR1AT(I//,5~ 1 ~LJT) REQUESTED Y D~ER xr,l) 
2~60 FORHATI//1•5X•'Fl<ST FIJE DATA POIKTS',II 
2:) 7'l F u ~MAT I 5 X, H l? I 
2080 FJ~.~ATilH•' I) 

Ei'l~ 
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c 
c 
c 
C T~IS SUBRO~TI~~ C~EC<~ T~~ IilTIAL INPUT DATl FJR ~lLUES 
C ~~[C~ ~ILL Cl~~E T~E ~~J~~A~ Ta FAIL• FQ~ EXA~PLE NUKDAT 
C CA~ BE A KAXI~U~ OF l~~V lS T~~ DIME~SION STATE~E~T ONLY 
C ALLJWS FOR 100~ DATA POINTS. IF AN INCORRECT VALUE IS 
C ~~TECTcD, ~C~ECK 4ILL BE ~ET TD 1. WH~N RETURNED Ai 1 
C T~E PQJGRA1 ~ILL STJ~. I~ qETURNEO AS 0 THE 'R~G~A~ wiLL 
C CONTI~UE NJ~MALLY. 
c 

SUBROUTINE C~~CK(iJMDAT,~U~iEN,IDI~,NqA~D~,~U~PLT,NC~ECKI 

c -----------------------------------------------------------------

c 
c 
c 

IFI~U~DAT,GT.l00),Jq.iU~DAT.LT.51GO TO 100 
IFI~UKiE~oLTo5oO~.NU~iE~.GT.lw,CIGO TO ZOO 
IFIIDI~oLT.l.JR,IDI~.~T.BIGO TO 3Qu 
IFI~RA~DM.LE.~IGu TO ~00 
K•IDIM•<IDIM-11/~ 
IFINJK~LT,GT,KIGJ TO ~00 

IF!~UKPLToLTo-11~1 TO ;OJ 
IF!IDI~.~Q.l,AND.iU~PLT.EQ,-liGO TO 50~ 

NC ~ECK•O 
RETURN 

100 WRITE!b,20001 
NC~ECK•l 

RETURN 
ZOO WRITE(b,ZOlOI 

~C~ECK•l 
RETURN 

3u0 WRITE!beZOZCI 
NC~ECK•l 
RETURN 

~~u WRITE(~,Z03GI 
NC~ECK•l 
RETURN 

501 ~qiTE(b,ZO~OI 
NC-IECK•l 
RETURN 

2000 FJRKATI//,5Xt 1 !NV\LIJ NU1BER OF INPUT DATA POINTS') 
ZOlJ FORKlTI/It5X,•INVlLI~ N~MaER OF PSEUDO JATA POl~TS•I 
202~ FJR~ATII/,~Xt 1 I~~ALID DI~ENSION N OF ~-SPACE OATA 1 1 
2030 FJqMATI//,5Xo•lNVAL10 5EED 1 1 
2u4~ FOR~4T(/It5Xt'I~V4LIO NUMBER OF ZD PLOTS FOQ DI~ENSION SPECIF1ED 1 1 

E~D 

C THIS iJBROJTINE I~TIALIZE; T~E ~PLT ~ATRIX SO T~AT ALL POSSIBLE 
C 2-D PLOT CJKBINATIONS lRE CONSIOEqED, T~ERE IS A TOTAL OF 
C IDI~IIDI1-ll/2 PLJTS ~~IC-1 COULD BE KADE. IN ~ll~ IF NU"PLT•C• ~Q 
C PLOTS ~ILL BE ~ADE. !~ ~JMPLT•-lt ALL PLOTS WILL B~ ~ADE. 
c 

SIJBROUTI~E SETPLTI~PLT,IDl~l 

c ------------------------------------
OI~ENSIO~ NPLT!2,401 

II•lDI'I-1 
0::1 20 I•lo II 
JJ•I+l 
DO lJ J•JJ,IDHI 
~i'LTiltJ<.l•I 
~PLTI2oKI•J 
K•K+l 

lJ CO~TINJE 
20 CONTINUE 

RETURN 
E~D 
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C T~I~ SJBROJTt~~ SCALES T~E ~ATA iC T~AT EAC-i ~A~ItBLE WILL 
C :AR~Y ~lUAL WEIG~T I~ T~E ~EIG~8JR~OOD SEL~CTIO~ ~RJCESS• T~~ 
C SCALED DlTl ~ILL T~E~ ~E ~ETJ~~eD TO MAl~. T~2 PRJCeSS JSED 
CIS I ((ll-MtNIXIIll I ' RANGEIXIIII FO~ EAC~ V'RIASLEe 
c 

SUaRO~TINE s:tLE(fOAT,,~SO~T,IDIM,Z~I~,ZMAXI 

c ----------------------------------------------------
DI~ENSION TDATl(llUOol~l,z~I~IlOioZHAK(ltl 

C I~'~T FQR 3UBBLE 51RT 
c 

c 
C LJ::JP ~~ICH )QRTS J~ 5~C~ IA~IAdLc ( NRANK I AND T~E~ 

C C:'iTA8LIS-iE5 ITS '1I'U'1'J1 l~D '1AXI.'1Uf'4 I ZMI~ I AND I Z'1AX 
C RES•ECTIVEL'f' 
c 

c 

D'J 10 I•l• IDI'1 
~RAI'IK• I 
CALL SJRTITDATl,~iJRToNTQP,NRANK,IDIHI 
Z'1INIII•TDATA(l,II 
'Z'1 AX (I I • TO A TA I~ S JH • I I 

l':l CO~TINJ~ 

C LO~P ~~ICH PERF0~'1S T~t A~OVe 1cNTIO~EO TRA~SFO~~ATION 

c 

c 
c 
c 

O'J 30 J•1, ~SJQT 
DO 20 '<•lolOI'I 
T DATA ( J , K I • ( T DATA ( J, K I -z '1 I 'I I r<. I II <;: 11 U I K I - Z :'1 IN I K I I 

20 CO"'THIJE 
30 C::JNTINUE 

RUURN 
tND 

C T~IS RJUTii~ SORTS T~: DATA '1AT~IX JN POSlTIO~ ~RAN< 
C THE SORT USED IS A CJ'1MJN BUBBLe SORT WHICH WILL ESTA~LIS-i 
C THE FIRST ~TOP PQI~T~ FRO'I SMALLEST TO LA~G~ST - JH:RE 
C SMALLEST TJ LARG~ST Ii DETER'1I~ED S'f' POSITIJ~ iRAiK. NOTE 
C THAT WHEN l~ ~XC-iA~G2 TAKES PLA:E T~E E~TI~E ROJ ~ECTOR, 
C SOH~ POINT (W,x,r •••• ,JI IS ~XCHA"'GED. NOT5 ALSO T~AT D 
C REPRE~E"'TS T~E DISTAi~: S~UARED COMPuTED IN EJCLI~ AND STJRED 
C IN POSITIOi IOIST. 
c 
c 
c 

SJ8ROUTINE 5JRTI50ATAoNSORT,NTQP,~RA"'K,[Ol'11 

c ----------------------------------------------------
OI~E~S[QN SDATAil~O~•lOI 

IDIST•IDIHJ. 
c 
C TA~E T~~ FI~ST [ 1 T~ V~LUE ANO CJMPARE IT TO T~E I+l 1 TH 
C ~ALuE. IF THE l'T~ i~LJE IS S~ALLER, fX:HAiGE IT •lTH 
C THE I+J.IfH IJAL\JE )) THT THE I'T..t VALIJE I;i THEN ;i'1ALLER. 
C T~EN :OMPA~€ T~E I•T~ ~ALJc ~IT~ THE I+2 1 T..t IJALJE l~O 

c so o~. 

c 
~Fl 30 I•lo~T·P 
L•l+l 
D!J 20 J•L,~SJn 
IFISDArAII,N~A~KI.LT.)OATA(J,NRANKIIGu TO ZC 
01 10 <•1, lDiq 
TE'1P•SOATAI lo<l 
SD~TAII,KI •SOHAl J ol< I 
SOATA(J,t<I•TC:.'IP 

10 CJHI"lJE 
2" CJNTlNIJi: 
30 C1HINJE 

RETURN 
E"liJ 
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c 
c 
c 
C T~I) ~JBRD~TIN~ DOcS T~E 4CTUAL GENtRATI~N JF T~E P)EUDO~l~DOM 

C OBScR~ATIONS, AND HT Hl'4S T"'EM I~ A MATRIX I PSEUDO ) , TH 
C 4LGORITHM JSe) WlS DE~ELOP:D aY DR, JI~ T~O~PSO~ JF RICe U~IVE~SZTY 

C AND DR, '1AL=OL '1 TUL 1~ OF BIU, 
c 

SUaRDUTI~c GNERAT!~AT4,NUMDAT,NUMGEN,IDI"•PSEUDOI 

c ---------------------------------------------------------
DIME~SION OAT,!1000olui,PSEU~0(1000•10I,AVERAGilCI 

DI'1ENSI~N TRA~SD!Z5,101 
c 
C INlTilLIZE T~E ~ATRIX ~SEJDO TO ZE~O. 
c 

c 

!)0 20 L•1,NU'1GEN 
D:J 1v 1<.•1• IDI'1 
PSEUDO!L,KI•O, 

11l C J,..T I NtJE 
20 COHINIJE 

C =STAdLIS~ T~E SIZE ~F T~E NEIG~BORHOOO QF NEAREST PJINTS TJ 
C 9c UScO IN 4 LINEAR CJMBI~ATION, 

c 

c 

N~IG~B•INTIFLJ4T!~U'10ATI/ZO, I 
IF!~EIGHB.LT.51NEIG'i8•5 
IF! .... EIGHa.GT.Zli~:I~'i8•20 

C IDiiT '1ARKS T"'E C:JLU~~ WicRc T~E EUCLIDEAN OIST4NCc SQUARED 
C WILL 9E STJRED. 
c 

ID I ST•ID I11+l 
c 
C I~ITilLIZE THJSE DISTlNCEl AS Z:RD TO P~EVE~T COMPUTER E~ROR 

c 

c 

D J 3 0 J • 1, N Uf11) AT 
DATl!J,IDISTI•J, 

30 COrHINJF. 

C ~EIG~T IS T~E WEIGiTI .... G F4CTOR TO BE JS~D I~ CALCUL4TING T~E 

C '1E'N OF THE N~IG~B NEl~EST NEIG~BORS. IT ALSO SERV~S AS TiE 
C '1E4N JF THE SPECIAL U~IFQRH DIST~IBUTION USED I~ T~~ L[NEAR 
C CJ'18INATIO~. 

c 

c 
C UNAOJ1 H~LPS DEFI .... E T~c UNIFORM OISTRIBUTIO~ WITH MEAN 
C ~EIGIH, 
c 

c 
C T"'E FJLLOwiNG LJ0° ~E~~Q4TES NUM~EN PSEUOJR4ND0'1 
C OBScRHTIQ .... S, 
c 

c 
C I~ITIALIZ~ THE AVE~AG AR~AY 2ACi TI~E 4 NEW PJI~r IS CHOS:~. 

c 
DO ~0 ~~ET•1,IDI'1 

A~EIO!AG!~SETI•:>, 

~·) CJHlNJE 
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c 
C ~A~OO~LY PICK A DATA ~OI~T I KCf~TR I AROUND ~~IC~ A 
C A NEIG~BO~~JOD •Ill ac F~~~:o. 
c 

RN•UNFIOI 
KCE~TR•lNTIRN•FLJlTI~UMDlTII+l 

C ~STABLISn T~E EUCLIDE~N ~ISTANCc SC~A~EO OF ALL POINTS 
C ~"~0~ KCEtH~. 
c 

C SORT T~E PJI~TS J~ TiEIQ EUCLIDEAN DISTlNCE FRO~ 

C iMALL~ST TJ LAR~~ST. I~ T~IS FASHION T~E ~EIG~B NEAREST 
C ~EIGHB1RS ~Ill ~E C~~SE~. 

c 

C ~u~~UTE THE AVE~AGc o~ ~,y,z, ••• IN IX,Y,z, ••• I OF ~CENT~ 

C AND ITS ~EA~EST ~~I~i~JR5 

c 

c 

D::J bC I•1,~EIG~B 

OJ 50 J•l• IDI~ 
A \1 c RAG ( J I • AVE H ~ I J I + DATA I I , J I • Wt I G tiT 

5J CJ~TINJE 
bO ':1"1TINJE 

C :REATE A T~AN~LAT:o O~TA iET I TRANSD I TQ iE uSEO I~ 
C THE CR~ATIJN JF J~~ ~JINT. 

c 

: 

OJ 80 "'•l,~ErGiB 
DO 70 L•1• IDI'1 
T~ANSDIM,LI•JATA("',LI-AVERAGILI 

70 CJNTINJE 
8J CO:H INJE 

C dEGI~ T~E L~O~ •ii:~ :REATES A ~E~ POINT BY TAKING 
C A LINeAR CJMBI~AT[JN 1F TiE TRA~SLATEO DATA. 
c 

c 
C ESTA~LISH A RANDO~ ~U1~EQ FRO~ T~E SPECIAL JNIFJR1 
C DISTRI~UTIJN TO a~ MULTIPLIED BY ONE DATA vECTOR 
c 1x,.,,z, ••• 1. 
c 

c 
C LJJ~ •i!CH ADOS T~~ T~A~SFOQ"'ED VeCTORS TO CREATE 
C ONE NE• POINT 
c 

c 

0') qo J•l.IDI'4 
PSEUDOIJJJ,JI•PS:JOO(JJJ,JI+~N•TRANSD(I,JI 

90 COrH INJE 
100 CJ~TINi.Je 

C LOJD ~~I:H ADDS ~AC~ IN T~E A\IERA~E OF T~~ ~EIG~BJRiOOD 

C •HIC~ ~~S TAKEN A~~y FRO~ I TRANSO I 
c 

00 110 L•l,l011 
PS~JOQ(JJJoLI•PS~JQ1(JJJoLI+A~ERAGILI 

.l.l~ CO~TlNJE 
lZJ CJflTINUE 

RETURN 
c~o 
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c 
c 
c 
C f~IS S~8ROJTI~E CO~PUfaS THE MEA~ VECTOR, VARIA~CE VECTOR 
C A~O CJ~RELATION ~AT~IX OF ANY ~ATRIX SUB~ITTEO TO IT, IT THE~ 

C ~RITES T~IS l~FOR~ATI1~ J~ ~ARO COPY, 
c 

SU~~JUft~E CJ~~ELICOATA,IDI~,NUMClRI 

c --------------------------------------------
OI~~NSIDN CDATAilJOO,lOI,Su~XIIlGI•SUM~fllO,lOl,yAR(lOI,LlNc(31 

DI1E~SIJ~ AVRilOioCJRRilO,lOI,LihEll~vi•LINEZI181 

c 
C INSURES OUfPUT ~EATN~S5 

c 

c 

DATA LINE/• ~1·, t (Z t, t (31, t ~Itt, t ~5·, I ~6'• I X7', I )l~ ., 
oAT A LINe 2 , • c , , , l' , , R, , • R , , 1 e • , • L,, • A, , 1 T ,., , I,, • 0 1, , N,, 1 , , 

+I '11. I A', IT I, t R t,. It. tXt I 
DO 10 I•lo41J 
LI'Hliii•' I 

10 CiJ~TINuE 

C INITIALIZE THE S.J~ OF Xlll ANO hiE SUM JF XIII*~IJI TO ZERO. 
c 

c 

DO JO 1•l,IDI .. 
SU'1XII'11•0. 
DO ZO 11'1•l,IDtl1 
SU1~Y('1,~141•'), 

20 CiJ!'ITINJE 
3il C DHI NUE 

C CO~?UTE T~E SUM JF XIII A~O THE SUM OF ~III+X(JI, 

c 

c 

OJ bO t•l.~U~CuR 

DO 50 J•lt!OI~ 
SJ'1Xl(JI•SUK~IIJI•COATA(I,JI 
l(l(aJ 

OiJ ItO <•Ko<oiDIM 
SJ'1XY(J,Kl•SU .. XYIJoKI+COATA(l,JI•CDATA(l,Kl 

ItO CiJNTINJE 
50 CONTINUE 
60 COI'lTINUE 

C GET T~c REAL VALU~ a~ T~~ NJ'18ER OF POINTS CO~SIOER~O. 

c 

c 
C COM !lUTE THE ME AN5 AN) SA'1Plt VA~ I A NCES 'JF K, y, Zo .. J F 
c <x,y,z •••• l. 
c 

OJ 70 '1•lo IDI .. 
AV~I'11•SJMXI(~I/~ 

VAR(~I•ISJ'1XYI'1,~1/~-AVRI~1+•2·1•wll~-l.l 

70 COHIN~E 
c 
C :Of'1:J..Jfc T~: CJRRc:LATilN 'lF ((Ll AND XIKI, 
c 

DO QQ L•l• IOt'1 
KK•L 
OJ ao <•K<oiOI'1 
CJRRILoKI•SUi'1XYILoKI-SU~XIILI+SU11XIIKI/~ 

C 0 R R I L o K l • COR R I L o < II I I W-1, I + I 'i AR I L I • VA R I K I I+ •, 5 I 
80 CJNT INH 
Qu COI'ITINJE 
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c 
C T~E FJLLOWING ARE ALL 6[Di LN ~~ITtNG T~E I~FOR~ATIJN I~ 
C A~ ACCcPTA6LE FAS~IO~. 
c 

c 
c 
c 

Tc~P•FLOATIIDI~l 
NTO• INTI TE I'IPn, •9, 1-5 
4~ [T E ( '>, Z 0 llO I ( LI ~Ell J I , J • 1, NT C I, I Ll'H Z1 I I, I • .1.1 18 l 
IIIR IT!: I'>, 2 0 l 0 I I L I '>j ~ It( l , K• 1, I D [I'll 
DO 100 I•1.IDI'1 
IFII.E~.IDII'IlGJ T1 110 
1(•1+1 
~~~ ITE lb, ZI)"ZOl I, I CJRI! I Jt I I ,J•lt II tiCORRI I, Jlt J•K• IDI"'I 

100 CO'ITIN!JE 
ll 0 IIR IT E I~, 20 2C lID I '4, I C 'lR R I J, IJ I 1'1 l, J •l, I D 1 '4 l 

w~ITEI'>o203011L1'1~1Kl,~•1,1D1~1 
.t~ 1T E I !I• ZO ItO I I A V ~I I I , I •1, 1 D I '11 
JQ IT E !111 20 5C l I HR I J l, J • 1. 1 D 1 1'1 l 

2000 FO~I'IATI1~0,53All 
2010 F1JRI'IATI 1 ,9x,,z, 11 rx, A2 11 
ZOZO F~RI'IATIII•11(, 1 ~'•I1o31(,8(F8,5olXll 
2030 FIJR11AT(I/1,7~o81lJXoAZil 
ZOitO FJRI1ATIIoZX, 1 '1EA'I 1 •3X,511X,Fl1.311 
2050 FJR"'HU ,zx,qA~'• Hd IU,FU. 31 I 

~ETURN 
ENO 

C T~IS SJSRIJJTI~E CALCULAT~S T~E ~UCllDEAN DISTANCE 
C iQUARED 3ETWEEN ~Ce'ITR A'IJ All JT~ER POINTS. 

)uSR'JUTtNE EuCL10100ATA,'IU'10AT,ID1"'KCE~TPI 

c ---------------------------------------------------

c 
c 

c 

OI'1SNSION DOATA11000,l~l 

IDIST•IOII1+1 
00 20 l•loNU'11JAT 
ClS:lUAR•O. 
D:J 10 L•l• 101'1 
Di~UAR•OSQ~AR+IDOATAIJoLI-ODATAIKCENT~,Lll••z. 

10 CONTl~JE 
DOATAIJ,1D1STI•DS:lUAR 

ZO CJ .... TIN:.JE 
Q!:TURN 
END 

C T~1S SUBROUTINE RESCAL~S T~E DATA ANO PSEUDO DATA 
C BACK TJ ITi GRIGI'>jAL 1AG'41TUDE· 
c 

SUB~OUT1NE R5SCALIRDATA,NUI'I~~R,1DII'I•ZI'It'>j,zMAXl 

c ------------------------------------------------------
OI~cN~InN ~DATAilJCJolOl,!~I~I10I,z~AXIltl 
01 20 J•l•NU'18ER 
DOl:l<•l•IDI'1 
RD AT A I J, K l • R DATA I J, t( I • I Z II AX (I( 1- Zl'l! ~I I( I I+ Z I'll 'l P< I 

10 CJ'ITINJE 
ZC CQ"{TINtJE 

RETURN 
i:N::l 
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c 
c 
c 
C T~IS ~JUTI~E ~~E~l~ES FOQ T~E CALLING QF AN I~SL ~LJT ROUTINE SCI 
C THAT ~LL RE~UESTE? 2-1 PLQTS CAN ~E HADE, 
c 

SJ3RJUTINE PLJTIPSEUDJ,)ATA,~~~~.Z~AX,NPLT,NUHOAT,NUHG~N,NU~PLTI 

c ------------------------------------------------------------------------

c 

OI~EN~tQN PSEU~OI10JQ,l,I,04TAilCCC,lti•ZH!~(l~I•ZHAXI1JI 
JI~ESS!~~ NU~Illo!~E~JI2~1,I~EADll22loiTITLEil-~I,JTiTLEil~41 
DI~ENSION X(l~OOio11lOO~I,IKAG-I~l5ll•lCHA~(lJl,RANGSI41 
)l~ENS!ON ~PLT!!,401 

C ESTABLISH SOME HJLLERIT~ )TRI~SS FOR CLARlT1 GF ~JTDUT, 
c 

c 

DATA NJ"1/'1'•'2'•'3'•'4'•'5 1 ,'6'•'7'•'f:l'l 
DATA I~EAD/ 1 'l'•'A'•'T'•'A'•' t,tpt,t')t,tp,•II 1 , 1 T1 ,tSt,t '• 

+l(t,t t,t t,t'jt,t)t,t t,t t,tAI/ 
OATil. I~EAOl/'<»t,t)t,t •,•u•,•o•,•Jt,t '•'P'•'O'•'l'•''P,•T•,•)•, 

+1 '•'X'•' '•' '•''~'•' '•'•'•' '•'X'I 
DC! 10 J•l.l44 
ITITLF!Jl•' I 

JTITLE'IJI•' I 

l'l CJ'HlNJE 
DO 2\.l I•l.ZIJ 
L• I +H 
IT L Tl E I L I• I HE A 0 I I I 

Z'l CJNTPUE 
D030J•lo22 
L•J+33 
JT I TL E I L l • I'iE ~ 0 11 J I 

30 C:J~TINJE 
!TITLE! 971 • 1 '( 1 

JTITLEini• 1 X1 

ITITLE'Il2~l•'X 1 

JTLTLcll2'JI•q• 

C S~T VA~lA8L~ VAL~ES ~~K50 FJR 31 IHSL ~JUTI~E 
c 

~- l 
I 'lC • l 
I'JPT•l 

C SEGIN LOQD WHICH PLOT) FIRST T~E DATA AIIO T~EII T~E PSEvO'J JATA JN TWO 
C SfP:RATc ~LOTS FJR A ;I'/E~ XIII AND XIJl 
c 

Oil 60 J•l• NU~PL T 
c 
C ~ AND L ARE THt (111 AND ((() CJG~OINATES RESPeCTIVELY 
c 

c 

K•NPL Til, Jl 
L•II~L T( z,J I 

C :sTABLIS~ THE ENO ~'J!~TS 1F TnE ( ANDY AXES, 
c 

c 

~AII~clli•Z"11111LI-,lO•IZ~AXILI-ZMINILII 
RA~G~!21·~~At(LI+,lO*IZ~AXILl-ZHINILII 
QAIIGci31•~HI~I~I-.lO•IZHAX(~I-Z~I~IKll 
RAIIGE141•l~A((~I+olO*IZ~AX(Kl-ZHIIIC~II 

C ASSIG~ T~E X 4~0 Y ~ECTO~S VALJ~S ~OR PLnTT!IIG 
c 

DO 4Q JI•l•~J~QAT 
X ( JI l •'H TA I Jr, L l 
YIJ[JaJATAIJ[,•<l 

40 CJNTINJ: 
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c 
C JO:TO~ THE ~EADI~G Fa~ ' DATl PLJT AND SET THE 1UTPUT C~ARACTER 
c 

c 

ITITLE!~8l•NU~IKI 

ITITLE1551•NU~ILI 
ITITLE!981•NU~ILI 
ITITLEI1271•~U~!KI 
ICHR!li•'D' 

C CALL T~E I~SL ROUTIN~ •iiC~ ~ILL GIV~ SACK l 2-D PLOT 
c 

C U L US P L T I X, Y, I A• IA, '1, I .,.C, I TI TL E, II A ~G E, I C .i AR, I 'l P T, I '1A G ~, IE R I 
c 
C ASSlG~ T~E X AND Y V~CTJRS ~ALUES FOil PL'lTTING 
c 

c 

D'l ~0 J2•l,~U'1GE~ 
X!J21•PSEUDOIJZ,LI 
Y! 121-'»SEUDOIH,I(I 

50 COrHINJE 

C DJCTJ~ T~E HEADI~G FOR A ~SEJDODATA PLOT AND SET THE OUTPUr CHA~ACTER 

c 

c 

JT1TLEI~91•NJ'1(1(1 

JTITLEI561•NJ~ILI 
JTITLE1981•NU'11LI 
JTITLE(l271•~U~I~I 

ICHtUli•'P' 
IA•~UM~E~ 

C CALL THE I1SL ROUTI~E ~HI:H JILL GIVE SAC~ A 2-0 PLOT 
c 

CALL USPLT(~,Y,IA,IA,1,INC,JTITLE,IIANGE,IC~AR,IOPT,I~AG~,IERI 

~0 CJ~TINJE 
RETURN 
E~IJ 
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